Abstract: Range changes that appear contrary to predictions based on climate warming deserve examination for any shared factors opposing the general trend. Of the ~273 species of native birds currently or historically nesting regularly in southern California, there is, in the historic record, some level of evidence for a southward or downslope range extension in 52. A few apparent extensions may be illusory, based on more thorough exploration since the mid-20th century, but the great majority represent actual changes. These range from minor, involving only a few pairs at a few localized sites, to extensive, as in the cases of the Western Grebe (Aechmophorus occidentalis), Pacific-slope Flycatcher (Empidonax difficilis), American Crow (Corvus brachyrhynchos), Western Bluebird (Sialia mexicana), American Robin (Turdus migratorius), and Orange-crowned Warbler (Oreothlypis celata). Some expansions began as early as the 1930s (American Robin, Orange-crowned Warbler), whereas others, such as that of the Canada Goose (Branta canadensis), have gained momentum only in the 21st century. Roughly half of the species with expanding ranges are associated with coniferous forest or other montane habitats. Some of these expansions may be associated with the increasing density of California's forests where not burned or logged, but others are by montane species that use shrubby habitats or open forest. Eighteen of the species with expanding ranges are associated with water, capitalizing on the many reservoirs, sewage ponds, and other water bodies created for importation, management, and control of water in southern California. Ten species exploit the urban habitat that now pervades southern California, but most of these have spread in natural or lightly modified habitat as well. We conclude that habitat modifications have been a leading force driving southward and downslope range expansions of birds in southern California.
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1 San Diego Natural History Museum, P. O. Box 121390, San Diego, California 92112-1390; *corresponding author: birds@sdnhm.org I n a period of a warming climate, the general expectation is that ranges of organisms in the Northern Hemisphere should be tending to shift northward and upslope, and such changes have now been documented across a wide variety of taxa (e.g., Parmesan and Yohe 2003 , Root et al. 2003 , Chen et al. 2011 . Because of the likelihood that climate change will revolutionize the Earth's ecology, many studies have investigated organisms' responses to this change-over 22,000 scientific papers have addressed the subject of climate change and birds, according to Zuckerberg (2017) . In North America, as elsewhere, studies of bird distribution over time have identified many changes conforming to expectations (e.g., Hitch and Leberg 2007, La Sorte and Thompson 2007) . Nevertheless, southward and downslope shifts are also occurring, and the local mechanisms and complex interactions that may give rise to them deserve consideration (Lenoir et al. 2010, Lenoir and Svenning 2015) . In the Sierra Nevada, for example, Tingley et al. (2012) reported the number of species spreading downslope to be not significantly different from the number spreading upslope. Many factors other than temperature tolerance or preference govern species' distributions.
In southern California, since the beginning of colonization by the Spanish in 1769, habitat changes owing to urbanization, agriculture, livestock grazing, irrigation, water extraction and importation, invasive species, and changing fire regimes, among other factors, have been profound. Therefore, changes in bird distributions in southern California may be expected to be complex and diverse, compounded by the diversity of the region's topography (Figure 1 ) and habitats.
Western Field Ornithologists
Many range changes, of all types possible, are known in southern California. But southward and downslope expansions are of particular interest since they run counter to the general expectation under climate warming. Erickson et al. (2018) considered the number of southward shifts in southern California disproportionately high in comparison to other regions of California and the Baja California peninsula. They did not assess elevational shifts, but, including winter ranges, they considered 19 southward extensions in southern California to represent real expansions, as compared to 47 expansions northward, 23 contractions northward, and 5 contractions southward. Therefore, as southward range expansions constitute a substantial fraction of all range changes, we believe they merit examination in some detail, as do downslope expansions. Note the semantic distinction between a range extension (an increase in human knowledge of the range, which includes both discoveries of the preexisting distribution as well as actual changes) and an expansion (a subset of extensions representing actual change in a species' range).
In this article, it is our goal to identify, review the evidence for, and categorize southward and downslope extensions of birds' breeding ranges in southern California over the past century. Many of these extensions are well known and previously described in the literature, yet they have not been viewed as manifestations of a broader pattern. Birds' ranges may ebb and flow with cycles of rain and drought, expand with adaptation to environmental changes, contract as invasive brood parasites such as the Brown-headed Cowbird (Molothrus ater) reduce nest success, or change in response to many other possible factors. If these extensions apparent in the historical record likely represent actual range expansions rather than artifacts of accumulation of more detailed knowledge arising from more thorough exploration over the decades, it is worth considering the factors these species have in common. These factors may suggest ecological forces preceding the effects of climate warming and possibly still acting to oppose them.
Study AreA And MethodS
We considered southward and downslope range extensions into or within southern California, encompassing the region from San Luis Obispo, Kern, and Inyo counties south to San Diego and Imperial counties, exclusive of the parts of Kern and Inyo counties lying in the San Joaquin Valley or Sierra Nevada (Figure 1 ). Defined as much by political as by natural features, southern California, as we circumscribe it for this analysis, encompasses five level III ecoregions as defined by the U.S. Geological Survey, with many subregions (https://pubs.usgs.gov/of/2016/1021/ ofr20161021_sheet1.pdf ). An axis of discontinuous forested mountains roughly parallels the coast, separating deserts in the rain shadow to the east from woodland, chaparral, scrub, and grassland to the west. On the coastal slope, rainfall decreases from north to south so that wooded habitats, more widespread in San Luis Obispo County, become more localized and restricted to higher elevations farther south. Over most of the region conifer-dominated forest is widespread only above 1200 m elevation. Much of the coastal slope is urbanized to varying degrees, and cities are spreading rapidly from the base of the mountains over some desert areas.
We reviewed the early literature summarizing southern California bird distribution (e.g., Grinnell 1898 , 1908 , 1915 , Sharp 1907 , Willett 1912 , Grinnell and Swarth 1913 , Grinnell et al. 1918 , Stephens 1919 , Grinnell and Miller 1944 and considered data from museum collections available through www.ornisnet.org or www. vertnet.org (cited in text are the Natural History Museum of Los Angeles County [LACM] , Museum of Vertebrate Zoology [MVZ] , San Diego Natural History Museum [SDNHM] , and Western Foundation of Vertebrate Zoology [WFVZ] ). The early ornithological exploration of southern California was quite patchy, some areas being covered well, others poorly or not at all. On the basis of reports in the literature and distribution of collected specimens, areas well covered in the first half of the 20th century include the San Bernardino and San Jacinto mountains, Joshua Tree National Park, the mountains of the eastern Mojave Desert, the Colorado River, and the coastal slope of San Diego County. Examples of areas relatively poorly covered during this interval are San Luis Obispo and Orange counties, the mountains of Santa Barbara and Ventura counties, the San Gabriel Mountains, and the Imperial Valley. Nevertheless, the historical record represents the efforts of many ornithologists, collectors, and naturalists, some of whom, especially Willett and Grinnell, attempted to express birds' status and distribution over wide areas. Thus early distributions can be described at a level adequate to reveal changes at a moderately coarse scale. We use Grinnell and Miller (1944) as our benchmark except in cases where the data suggest a range expansion beginning before 1944. The question of the appropriate level of scale plagues all attempts to map bird distributions. For the species we map, we attempt to be as precise as possible for southern California, given the map's scale; for surrounding areas, distributions are mapped more generally.
Data on more recent and current distributions come from the bird atlases and regional avifaunas for Santa Barbara County (Lehman 1994 (Lehman , 2017 , Los Angeles County (Allen et al. 2016) , Orange County Willick 1996, Gallagher 1997) , and San Diego County (Unitt 1984 (Unitt , 2004 , as well as Garrett and Dunn (1981) for southern California as a whole. Other sources include reports in the primary literature, the quarterly summaries of southern California bird sightings in North American Birds (NAB) and its predecessors American Birds (AB), National Audubon Society Field Notes (NASFN), and Audubon Field Notes (AFN; cited by volume:page number[s], year), the eBird database (www.eBird.org), communications from field ornithologists throughout the region, and results of our current study of the San Jacinto Mountain region. As one basis for comparison of trends, we referred to the results of the Breeding Bird Survey from 1968 to 2015 (Sauer et al. 2017) . In a few cases, Christmas Bird Counts (http://netapp.audubon.org/cbcobservation/#) were useful for assessing trends; in these cases, as a rough descriptive evaluation, we express the linear regression coefficient of the trend in birds per party-hour and its significance. Because birds are commonly less abundant at the edges of their ranges than in the core, methods that require substantial sample sizes, such as the Breeding Bird Survey, are relatively insensitive to detecting small changes at the periphery. Therefore, reports that emphasize changes at the periphery, such as the quarterly summaries in North American Birds, are more sensitive detectors of range expansions.
Essential to identifying range expansions is identifying, with confidence, areas where a species was absent previously on the basis of data that are patchy, unsystematic, and unquantified. Some apparent changes may be artifacts of improved coverage, and in some cases, we cannot be certain. Apparent changes may be artifacts of sampling error, the results of a small number of samples reflecting fluctuations rather than trends. Fortunately, in the case of southern California birds, observers have covered many of the same localities over decades, reducing the chances for this kind of error.
After collating the evidence, we considered three qualities of each range extension. First, No. 3 we ranked its geographic extent by three broad categories: (1) limited to a few localized sites, (2) covering multiple sites over a broad area, or (3) covering large contiguous areas. Second, we ranked the species' abundance in the area of range extension by three coarse categories: (1) numbers small, possibly comprising only a few pairs, (2) numbers moderate, sufficient for the species to be regarded as at least uncommon locally, or (3) numbers large, sufficient for the species to be regarded as common over a broad area. Third, we ranked our confidence in the extension representing an actual expansion by three categories, whether the extension is (1) possibly an artifact, based on improved coverage of areas previously poorly or unexplored, (2) very likely real, an actual expansion being a better explanation than an artifact for the observed pattern, or (3) certain, with adequate documentation of colonization of previously unoccupied areas.
Our review is focused on evidence for southward and downslope range extensions into and within southern California. We have omitted a few species that represent borderline cases, such as the Northern Goshawk (Accipiter gentilis), Calliope Hummingbird (Selasphorus calliope), and Pine Siskin (Spinus pinus), where nesting south of the historic range has been recorded very rarely and less clearly represents a range extension. Other borderline species that we include, such as the Bufflehead (Bucephala albeola) and Hooded Merganser (Lophodytes cucullatus), may be represented in southern California by equally few breeding records and not yet have an established population, but their history in northern California implies that the more southerly records are related to an expansion. We have considered changes outside southern California only where they are relevant to interpreting a species' history within this region.
reSultS
We found some level of evidence for southward or downslope range extensions in 52 species, 15 that have apparently colonized from the north and 37 that have apparently spread southward or downslope within southern California (Table 1) . For each of these 52 species, we summarize its history and evaluate the evidence for an expansion in the following accounts.
SpecieS AccountS

Canada Goose Branta canadensis
For most of the 20th century, the California breeding range of B. c. moffitti was confined to the Great Basin/Modoc Plateau region. Grinnell and Miller (1944) reported no nesting farther south than June Lake, Mono County. With the regulation and restriction of hunting, self-domestication ensued, in some cases around a nucleus of released captives. Translocations throughout the western U.S. have been numerous but not thoroughly recorded (USFWS 2005) . Largely in the 21st century, the Canada Goose has spread as a breeding bird over much of the coastal slope of southern California. Nesting has now been reported south to San Diego County at Mission Bay (in 2000, Unitt 2004 ), Lake Murray (2014, D. Luckins, via eBird), Lindo Lake (C. K. Smith, C. and T. Dillingham, via eBird), and Lake Cuyamaca (2009 onward, J. Skrentny et al. via eBird).
Wood Duck Aix sponsa
The Wood Duck was decimated in California by overhunting in the late 19th and early 20th centuries (Grinnell et al. 1918) . Before 1970, nesting was confirmed south only to Mendota, Fresno County (egg set collected 1935, WFVZ); Grinnell and Miller (1944) doubted Evermann's (1886) listing the species as breeding in Ventura County. The history of the Wood Duck's establishment in southern California is clouded by releases of captives, but a natural spread to Santa Barbara and Ventura counties had begun by 1979, when nesting was reported from lakes Cachuma and Sherwood (AB 33:896, 1979; Lehman 1994) . Subsequently, summering birds have been reported with increasing frequency throughout southern California, with nesting first reported in the Prado Basin, Riverside County, as well as just outside our study area along the south fork of the Kern River, Kern County, in 1985 (AB 39:962, 1985 , at Atascadero, San Luis Obispo County, in 1988 (AB 42:1340 , 1988 ), near Wynola, central San Diego County, in 1989 (AB 43:1367 , 1989 , at Descanso Gardens, Los Angeles County, and at Fullerton, Orange County, in 1990 (AB 44:1186 , 1990 . The Wood Duck's colonization of southern California has been facilitated greatly by the provision of nest boxes, as in the Prado Basin (e.g., Gallagher 1997).
Gadwall Anas strepera
There were four southern California breeding records in the 19th century, south to San Pedro, Los Angeles County, and San Jacinto Lake, Riverside County, but the species was apparently extirpated by 1933 (Willett 1933) . Recolonization began by 1969, south of the historic range along the coast of northern San Diego County (AB (Erickson et al. 2002) and the Salton Sea in 2006 (NAB 60:578, 2007) (Figure 2) . Breeding of the Gadwall has been recorded once on Santa Cruz Island (Collins and Jones 2015) . Though the change is in part a reoccupation of former range, much of it is a further spread, part of a broader proliferation of the Gadwall's breeding range nationwide (Leschack et al. 1997 ).
Blue-winged Teal Anas discors
Although Moffitt (1931) saw a pair and three other males near Lancaster, Los Angeles County, on 12 June 1931, and collected one male in breeding condition, in the early 20th century the breeding range of the Blue-winged Teal in California was confined largely to the Great Basin. In 1970, summer sightings in southern California were still rare enough to attract notice in the quarterly summary in Audubon Field Notes (24:716, 1970) , but their frequency accelerated through the following decade. Nesting in southern California was confirmed for the first time in 1980, at the mouth of the Santa Clara River, Ventura County (AB 34:929, 1980) . Confirmed breeding has been published from only four additional localities since (Cantil and East Cronese Lake, Mojave Desert; Harbor Park, Los Angeles County; Bolsa Chica, Orange County [multiple records]), but it has been suspected at others (e.g., Allen et al. 2016) . The frequency of birds seen through the breeding season, often in pairs, is so vastly increased, and at so many more localities (dozens plotted in eBird), that the increase and spread, also noted elsewhere in the West (e.g., Connelly 1978) , has clearly reached southern California. Though the species' population as a whole has fluctuated widely, the trend from 1990 to 2016 has been a strong increase (https://flyways.us/status-of-waterfowl/ population-estimates/2016-population-estimates).
Redhead Aythya americana
In the first half of the 20th century, the southernmost known sites of Redhead breeding were the slough in what is now Carson, Los Angeles County, San Jacinto Lake, Riverside County, and the San Luis Rey River valley (including Guajome Lake), San Diego County (Grinnell and Miller 1944) . The expansion was first recorded at Buena Vista Lagoon in 1962 (AFN 16:507, 1962) . The further southward spread of irregular breeding of small numbers along the coast of central San Diego County as far as Los Peñasquitos Lagoon (Unitt 1984 (Unitt , 2004 ) is relatively minor. But it is set in the context of wider breeding elsewhere in southern California, as at the Santa Ynez River mouth, Santa Barbara County (NAB 61:640, 2007) , and at Bolsa Chica and San Joaquin Marsh, Orange County Willick 1996, Gallagher 1997) , Salton Sea/Imperial Valley (Patten et al. 2003 ), and, since 1991 , in Baja California (Ruiz-Campos et al. 2001 ).
Bufflehead Bucephala albeola
Richardson (2004) 
Hooded Merganser Lophodytes cucullatus
Another cavity-nesting duck, the Hooded Merganser has also spread as a breeding species in northern California since the first confirmation of its nesting there in 1964. From then through 2004, at least 199 instances of nesting were recorded south to Sonoma County along the coast, to Stanislaus County in the Central Valley, and to El Dorado County in the Sierra Nevada (Pandolfino et al. 2006) . The first individual recorded in summer in southern California was near Cayucos, San Luis Obispo County, in 1982 (AB 36:1016 , 1982 . A few others have been noted subsequently, but the only nesting confirmed so far was in a nest box in the Prado Basin in 2004 (NAB 58:433, 2004) , so the species is not yet established in southern California. Pandolfino et al. (2006) postulated the provision of boxes intended for the Wood Duck plus an increase of forested wetlands (offering both natural nest sites and foraging habitat) as factors contributing to the Hooded Merganser's increase and spread. Grinnell and Miller (1944) reported nesting of the Common Merganser south only to Tulare County in the Sierra Nevada and Mendocino County along the coast. Since 1979, the species has become a widespread breeder in the San Francisco Bay area (Bousman 2007) . Breeding in southern California was first recorded on the basis of four immatures collected along the Nacimiento River, San Luis Obispo County, in 1937 (Miller 1945) . Breeding was first recorded at Gibraltar Reservoir and along Mono Creek in the Santa Ynez River basin, Santa Barbara County, in 1989 (AB 43:1367 , 1989 ) and along Piru Creek, Ventura County, in 1993 (AB 47:1149 
Common Merganser Mergus merganser
Western Grebe/Clark's Grebe Aechmophorus occidentalis/clarkii
In the early 20th century, the breeding range of these grebes did not normally extend to southern California; Grinnell and Miller (1944) cited only two isolated instances of nesting south of the San Joaquin Valley, at Mystic Lake, Riverside County, and at the Salton Sea. Regular nesting at Sweetwater Reservoir, San Diego County, had begun by 1956 (AFN 10:409-410, 1956; Lee 1967 ) and began at the north end of the Salton Sea in 1976 (AB 30:1002 (AB 30: , 1976 . Nesting soon spread to reservoirs scattered throughout southern California: Laguna Lake, San Luis Obispo County, in 1981 (AB 36:1015 , 1981 , Piute Ponds near Lancaster, Los Angeles County, in 1986 (AB 45:1160 , 1991 ), Oso Reservoir, Orange County, in 1988 (Gallagher 1997 , Lake Cachuma, Santa Barbara County, Lake Casitas, Ventura County, and Klondike Lake, Inyo County, in 1991 (AB 46:1177 , 1992 . Subsequently, new nesting localities have become too numerous to be listed in the quarterly reports in North American Birds. From 1997 to 2001, nesting was confirmed at seven locations in San Diego County (Unitt 2004) , and by 2002, it had been confirmed in at least three lakes in the Imperial Valley (Patten et al. 2003 (Wells and Baptista 1979) . Through the remainder of the 20th century it spread throughout metropolitan Los Angeles and coastal Orange County (Gallagher 1997 
American Avocet Recurvirostra americana
In the first half of the 20th century, nesting of the avocet in California was recorded south to near Santa Ana, Orange County (Grinnell 1898), and Lake Elsinore, Riverside County (Hill 1941) . Nesting in San Diego County was first recorded in the 1950s (AB 13:455, 1959; Sams and Stott 1959) and is now widespread (Unitt 2004) . The avocet's range expansion has since continued into Baja California (Wilbur 1987 , Palacios and Alfaro 1991 , Carmona et al. 2000 , Molina and Garrett 2001 and elsewhere, as in Arizona (Corman and Wise-Gervais 2005 ).
Wilson's Snipe Gallinago delicata
Before 1980, the only sites of snipe breeding known in southern California were Tejon Pass near Gorman, Los Angeles County (in 1914 , Mailliard 1914 ), San Bernardino (1894 -1926 Wall 1919 , Hanna 1927 , and Big Bear Lake (in 1937; Hill 1938) . Thus Robert McKernan's discovery of a snipe displaying in Garner Valley, Riverside County, on 30 May 1987, followed by confirmation of up to four pairs nesting annually from 1988 through 1991, represented a southward extension of the breeding range (NAB 41:1487 (NAB 41: , 1987 42:1340 , 1988 43:1368 , 1989 44:1186 , 1990 45:1161 , 1991 . We found snipe still present and displaying at this site in 2011 and 2012. Other southerly sites where the snipe has been found in June and the first week of July in habitat suitable for breeding include near Anza, Riverside County, and Boulevard, San Diego County, in 1993 (AB 47:1150 , Lake Henshaw and Corte Madera Lake, San Diego County, in 1998 (AB 52:503, 1998), Tule Lake, San Diego County, in 2000 (Unitt 2004) , and the Prado Basin, Riverside County, in 2009 (NAB 63:654, 2009 64:647, 2010) . The extended droughts of the 21st century have desiccated some of these sites, such as Boulevard, and left them unsuitable for the snipe. Use of marginal sites likely varies with cycles of wet and dry. Grinnell and Miller (1944) listed only two sites of nesting south of Tulare County in the Sierra Nevada: near Santa Paula, Ventura County (in 1892 and 1900; Willett 1912) , and Big Bear Lake, San Bernardino County (in 1932; Pierce 1933) . Since 1975, many additional nesting sites have been reported (Figure 3 ), and the species has become more frequent and widespread through the summer. Localities of confirmed breeding south of the previously known range include, in Los Angeles County, Azusa (AB 30:998, 1976) ; in Orange County, along 13 km of the Santa Ana River in Anaheim (AB 40:1255 (AB 40: , 1986 Willick 1996, Gallagher 1997) ; in Riverside County, near Norco (AB 54:423, 2000) ; in San Diego County, San Luis Rey River at Gomez Creek (Unitt 2004) , San Elijo Lagoon (AB 35:978, 1981; 36:1016 , 1982 37:1027 , 1983 40:1255 , 1986 , Lake Hodges (AB 36:1016 (AB 36: , 1982 Unitt 2004) , and El Capitan Reservoir (Unitt 2004) . Since 2000, breeding of the Spotted Sandpiper in southern California has ceased being noteworthy enough for comment in North American Birds.
Spotted Sandpiper Actitis macularius
California Gull Larus californicus
The California Gull's colonization of the Salton Sea in 1997 (Molina 2000) represented a southward extension of that species' breeding range by 600 km from Mono Lake. Subsequently, the California Gull has nested at the Salton Sea regularly (NAB 65:687, 2011) . It has nested intermittently at Owens Lake, at least in and 2009 (Doster and Shuford 2018 . In 2012, one pair nested on Anacapa Island, the first instance recorded for coastal southern California. The California Gull population nesting around San Francisco Bay increased from 24 in 1980 to a peak of over 53,000 in 2014, though dropping to 38,040 in 2016 (Burns et al. 2018 ).
Forster's Tern Sterna forsteri
No nesting of Forster's Tern in California south of Buena Vista Lake, Kern County, was known before the species colonized the salt works at the south end of San Diego Bay in 1962 (Gallup 1963) . Nesting at Bolsa Chica and upper Newport Bay, Orange County, began in 1986, and Bolsa Chica has subsequently become a major colony (Hamilton and Willick 1996) . Inland in Orange County, Forster's Terns have nested since 1999 at Burris Basin 2 along the Santa Ana River in Anaheim (Shuford 2010 , Shuford et al. 2016 . In San Diego County, away from San Diego Bay, small numbers began nesting at Batiquitos Lagoon in 1990 and at Mission Bay in 2001. Single pairs nested unsuccessfully at San Elijo Lagoon in 2000 and at the San Dieguito River mouth in 2001 (Unitt 2004) . At the Salton Sea, Forster's Tern nested irregularly from at least 1970 to 1996 (Patten et al. 2003 , Shuford 2010 . Willett (1933) and Grinnell and Miller (1944) reported nesting of the American Bittern south only to Sunset Beach, Orange County, and San Jacinto Lake, Riverside County. So records of nesting at Irvine, Orange County, in 1998 (AB 52:503, 1998) , at Lake Elsinore, Riverside County, in 2007 (NAB 61:640-641, 2007 , and at the mouth of Las Flores Creek, San Diego County, in 1998 (Unitt 2004) , represent a slight southward extension of the breeding range. These are augmented by scattered additional reports of summering individuals calling territorially as far south as the Tijuana River, San Diego County, 145 km south of San Jacinto Lake (Unitt 2004; NAB 63:655, 2009 ). So secretive a marsh bird may have been overlooked in the past, though some sites of recent summer observations, such as Guajome Lake, San Diego County, were well covered by egg collectors, 1890-1940. Any slight spread of the breeding range has been countered by a sharp decrease of the numbers wintering in southern California since the 1970s, as revealed by the 11 southern California Christmas Bird Counts Grinnell and Miller (1944) recorded the Flammulated Owl south only to the San Bernardino Mountains. R. L. McKernan noted the species at Black Mountain in the San Jacinto Mountains in 1986 Mountains in , 1987 Mountains in , 1988 Mountains in , 1990 Mountains in , and 1991 , with a maximum of six to eight individuals between 15 May and 4 June 1988 (AB 42:1341 (AB 42: , 1988 (Unitt 2004, eBird) . Because of the lack of systematic surveys for this inconspicuous nocturnal species, it remains uncertain whether the Flammulated Owl is a regular rare summer resident in the Peninsular Ranges and, if so, whether this represents any change.
American Bittern Botaurus lentiginosus
Flammulated Owl Psiloscops flammeolus
Belted Kingfisher Megaceryle alcyon
Before 1987, only two nestings of the Belted Kingfisher were known in San Diego County (Unitt 1984) . Thus, the eight nests and many other breeding-season records in San Diego County during field work for its bird atlas, 1997-2001, suggest a modest expansion. Some of the nests, as along the upper San Diego River above El Capitan Reservoir, were in areas previously unexplored, but most were at reservoirs and borrow pits where they were more likely to have been noticed (Unitt 2004 ).
Red-breasted Sapsucker Sphyrapicus ruber
Until 1970, the San Jacinto Mountains, Riverside County, represented the southern extremity of the Red-breasted Sapsucker's breeding range. In that year, at least three pairs were found nesting on Palomar Mountain, San Diego County (AB 24:78, 1970) , and the species has continued as an uncommon breeder in those mountains (Unitt 2004 ). In the Santa Rosa Mountains, Riverside County, where the Redbreasted Sapsucker was apparently absent in 1908 (Grinnell and Swarth 1913) , Weathers (1983:146) reported it to be a scarce permanent resident, writing "a few pairs probably breed there, but as yet no nests have been found." Within the San Jacinto Mountains, the Redbreasted Sapsucker has spread downslope. Grinnell and Swarth (1913) recorded few, at two localities only (elevations 1800 and 2400 m). From 2008 to 2014, we found it during the breeding season at three additional localities at lower elevations, Idyllwild (1600 m), Quinn Flat, Garner Valley (1400 m), and Lake Hemet (1325 m), where two pairs nested in 2008. A single bird along the dry bed of the San Jacinto River at Valle Vista (elevation 540 m) from 4 to 7 August 2013 was unprecedented for so low an elevation in southern California in summer.
Downy Woodpecker Picoides pubescens
The southern limit of the Downy Woodpecker's range in southern California has fluctuated. Sharp (1907) reported the species as "rather rare" in the San Pasqual Valley, central San Diego County, and eggs were collected there in 1901 and 1928. Paul A. Dehnel collected two, as well as two hybrids with Nuttall's Woodpecker (P. nuttallii), along the San Diego River near Santee and Lakeside in September and October 1949 (Short 1971) . But in the 1970s, the range extended south only to the San Luis Rey River in northern San Diego County (Unitt 1984 Allen et al. (2016) considered the species' range in Los Angeles County to have expanded during the 21st century.
Gray Flycatcher Empidonax wrightii
In the first half of the 20th century, the Gray Flycatcher was known as a breeding bird in California south only to the mountains of Inyo County. On 10 June 1966, G. S. Suffel collected one in Sheep Canyon near Wrightwood, San Bernardino Mountains (LACM 66118, AB 20:600, 1966) , the first suggestion of colonization in the Transverse Ranges. By 1969, the Gray Flycatcher was found to be fairly common in the San Bernardino Mountains east of Big Bear Lake (AB 36:696, 1969) and, in 1990, in the Lockwood Valley/Quatal Canyon area of northwestern Ventura County. In the San Gabriel Mountains, the first pair was located at Ball Flat in 1995 (NASFN 49:982, 1995) , and the first nest was found at Pine Ridge the following year (NASFN 50:997, 1996) . Allen et al. (2016) estimated the population in the Los Angeles County portion of the San Gabriel Mountains between 1995 and 1999 at 20-30 pairs. Weathers (1983) reported that "a few" Gray Flycatchers had colonized the Santa Rosa Mountains as a breeding species, citing the capture of an apparently territorial male in breeding condition on 21 June 1979. Our failure to find any Gray Flycatchers in that area from 2008 to 2014 suggests the colonization failed, if indeed the birds were correctly distinguished from the Dusky Flycatcher. The colonizations of Ventura County and the San Gabriel and San Bernardino mountains, however, took root (multiple recent reports through 2016 via eBird). Grinnell and Miller (1944) recorded the Dusky Flycatcher as a breeding species south to the Santa Rosa Mountains. Since 1974 (AB 28:950, 1974 , it has nested in the mountains of San Diego County, principally in the Cuyamaca Mountains, and has also been recorded in small numbers on Hot Springs, Volcan, Laguna (Unitt 1981 (Unitt , 1984 (Unitt , 2004 
Dusky Flycatcher Empidonax oberholseri
Pacific-slope Flycatcher Empidonax difficilis
As attested by collections early in the 20th century, this species' breeding range extended south on the mainland at low elevations only to Los Angeles County. In the mountains, the species summered south commonly to the Santa Ana Mountains (Pequegnat 1951) , in small numbers to the San Jacinto and Santa Rosa mountains (elevations 1600-1900 m; Grinnell and Swarth 1913) . In San Diego County, the only records before 1950 suggesting breeding are from elevations above 1200 m (Palomar Mountain, Volcan Mountain, Julian, and Cuyamaca Mountains), except for an egg set collected at San Diego by G. Bancroft Jr. on 3 May 1926 (WFVZ 75103). By the advent of the 21st century, however, the Pacific-slope Flycatcher had spread widely as a breeding species over the lowlands and foothills of Orange (Gallagher 1997) and San Diego (Unitt 2004) counties, down to the coast, and as far south as the Tijuana River valley (Figure 4) . From 1997 to 2001, participants in the San Diego County bird atlas recorded 173 confirmations of nesting over the coastal slope of that county, including many nests in native trees, as well as in eucalyptus and artificial structures (Unitt 2004) . Joseph Sweeney recorded a nest with nestlings at Rancho La Puerta near Tecate, Baja California (elevation 480 m), on 11 July 2010 (via eBird). This occupation of coastal San Diego County, a region well covered by early collectors, represents a substantial downslope expansion (isolated montane populations remain farther south in the Sierra San Pedro Mártir and Sierra de La Laguna of Baja California; Erickson et al. 2013) . No. 3
Say's Phoebe Sayornis saya
Until about 1940, the Say's Phoebe nested sparsely in coastal southern California (Willett 1933) . Its range then retracted inland, so that from 1940 to 1975 the species occurred in that region only as a winter visitor (Garrett and Dunn 1981) . Then, in the last quarter of the 20th century, it recolonized (Gallagher 1997 , Unitt 2004 , and in the early 21st century, though still uncommon, it became far more numerous and widespread than known historically, reaching the coast. This spread had a southward component, as attested by five recent specimens of fledglings from southern San Diego County that are relatively dark, as in the more northern subspecies S. s. saya (SDNHM 52349, Chula Vista, 18 April 2009; SDNHM 52099, Chula Vista, 24 April 2008; SDNHM 52100, Tierrasanta, San Diego, 23 May 2008; SDNHM 50127, Imperial Beach, 26 June 1998; SDNHM 51327, Alpine, 2 July 2006) . If these had been of the pale subspecies S. s. quiescens, resident in Baja California and the Colorado Desert but not farther north, the recolonization would be inferred as originating from the south and/or east. The previous southern limits of the breeding range of S. s. saya are not well defined because of a lack of specimens of fledglings, but nesting of that subspecies probably extended south at least to the "foothill regions of Santa Barbara and Ventura counties" (Willett 1933:106) and the Mojave Desert.
American Crow Corvus brachyrhynchos
The increase and urban adaptation of the American Crow over much of its range is well known. In southern California, this increase is manifested in a southward range expansion, as well as an expansion upslope and inland, including associations with human settlements in desert regions. Through most of the 20th century, the crow occurred regularly along the Pacific coast south only to Carlsbad, San Diego County (Unitt 1984) , inland to Guadalupe Valley, northwestern Baja California (Grinnell 1928) . Since 1980, it has colonized Santa Catalina Island (P. W. Collins pers. comm.). Beginning in 1985, the crow occupied the entire coastal slope of San Diego County and, in the 21st century, the coast of northwestern Baja California south to Ensenada (eBird). Roosts of thousands, as along the Sweetwater River between National City and Bonita, are now established well outside the species' traditional range (PU and LH pers. obs.; https://www.youtube.com/watch?v=FKh2SaeywNU). The recovery of two bones of the American Crow from the Presidio of San Diego, occupied in the late 18th and early 19th centuries, however, suggests that the southern margin of the crow's range may have fluctuated (Arter et al. 2018) .
Tree Swallow Tachycineta bicolor
Before 1980, the Tree Swallow was only a rare and sporadic breeder as far south as San Diego County, with only a single record of nesting in the southern half of the county (Unitt 1984) . Subsequently, the species increased substantially, colonizing sites such as the San Diego River at Old Mission Dam, where it was formerly absent, and nesting at multiple sites, mainly reservoirs, in southern San Diego County, possibly as far south as Marron Valley, adjacent to the Mexican border (Unitt 2004 ). In the past 15 years, the Tree Swallow has also begun nesting in snags at ponds in the Tijuana River valley, where it did not breed during field work for the San Diego County bird atlas from 1997 to 2001. Allen et al. (2016) also listed the Tree Swallow as expanding its breeding range in Los Angeles County in the 21st century.
Mountain Chickadee Poecile gambeli
Through essentially the entire 20th century, the Mountain Chickadee was confined for breeding in southern California to the higher mountains above about 1200 m elevation. Since 1984, small numbers have bred in cottonwood trees at ~830 m elevation along the Mojave River near Victorville (AB 36:1062 (AB 36: , 1984 Myers 1993) , and this colonization has persisted through 2017 (eBird). On the coastal slope in Los Angeles County, the chickadee has been recorded in late spring or early summer down to the base of the San Gabriel Mountains since at least 1992 (La Crescenta, 540 m, 15 June, K. L. Garrett, via eBird), and away from the mountains, as at Griffith Park (~400 m), since at least 1999 (6 May, A. Goessling, via eBird). Allen et al. (2016) (NAB 57:546, 2004) . Currently the chickadee is patchy and uncommon but recorded widely in summer in the coastal lowlands from Santa Barbara to central San Diego County, occurring overwhelmingly or exclusively in planted pines ( Figure 5 ). Grinnell and Miller (1944) (Lehman 2017) . By 1979, it was "fairly common in willow thickets along the coast south to the Santa Ynez R. valley, but absent south of there" (AB 34:931, 1980) . In summer 2003, it reached the Santa Barbara area, where previously there had been only a few records during the nonbreeding season, beginning in 1975 season, beginning in (NAB 57:546, 2004 . The Chestnut-backed Chickadee has also spread inland, with reports up to 30 km from the coast at Paso Robles, San Luis Obispo County, and in the San Rafael Mountains of Santa Barbara County (eBird).
Chestnut-backed Chickadee Poecile rufescens
Red-breasted Nuthatch Sitta canadensis
Because the Red-breasted Nuthatch is an irruptive species, it is prone to nesting sporadically outside its main range, and colonizations may be transitory. Nevertheless, since at least 2006, it has been present continuously in the Santa Rosa Mountains, where it was not recorded in 1908 by Grinnell and Swarth (1913) or in the late 1970s and early 1980s by Weathers (1983) . In the first half of the 20th century, the San Jacinto Mountains represented the southern extreme of the Red-breasted Nuthatch's range in California's mountains. In San Diego County, the species colonized Palomar Mountain by 1970 (AB 24:718, 1970) and has remained as an uncommon resident ever since. Hot Springs Mountain had been colonized by the time that mountain was first surveyed in 1980 (Unitt 1981) areas previously almost unknown ornithologically, but the species has remained in those areas since. It also appears much more widespread in the San Gabriel and San Bernardino Mountains than known historically. In the latter, Grinnell (1908) considered the Red-breasted Nuthatch "one of the rarest birds," over three summers in the field, noting it at only three localities, and at two of those on only a single day. In the 21st century, reports to eBird show the species to be widespread and fairly common in the San Bernardino Mountains.
Except on Santa Cruz Island, where the Redbreasted Nuthatch has long been resident, breeding along the coast may be transitory or intermittent, as it has been on Point Loma (Unitt 2004 ).
White-breasted Nuthatch Sitta carolinensis
The White-breasted Nuthatch has long been common in southern California's foothills and mountains, mainly above 1200 m elevation, less commonly in foothills, down to about 400 m in northern San Diego County (Sharp 1907). A downslope spread on the desert slope is evident along the Mojave River at Victorville, where two pairs were first reported in 1984 (elevation ~850 m; AB 38: [1062] [1063] 1984 ) and the species has been recorded regularly since (eBird). During the severe drought of 2002, the White-breasted Nuthatch invaded areas outside its traditional range in southern California. Since then, it has been much more frequent in the coastal lowlands of Los Angeles, Orange, and San Diego counties than known in the 20th century, being reported breeding at sites as low as Buena Park, Orange County (75 m; J. Fitch, via eBird) and Lake O'Neill, Camp Pendleton, San Diego County (35 m; P. A. Ginsburg pers. comm.).
Brown Creeper Certhia americana
Though the creeper is resident in California's mountains south to San Diego County (C. a. zelotes), its distribution along the coast was known to Grinnell and Miller (1944) to extend south only to Monterey County. Subsequently it spread south, apparently reaching Morro Bay in the late 1960s (first recorded on a Morro Bay Christmas Bird Count in 1966; recorded annually in small numbers since 1969). The many summer records for western San Luis Obispo County in eBird are spread along that county's entire coast, as well as at several locations in the Santa Lucia Range. Two adults feeding a fledgling in Santa Maria in 1994 represented the first evidence of nesting in coastal Santa Barbara County (AB 48:989, 1994) . Along the south coast of Santa Barbara County, there are a few scattered summer records but no confirmation of nesting (Lehman 1994 (Lehman , 2017 . A specimen from near Cerro Alto, San Luis Obispo County, site of numerous reports during the breeding season via eBird (2 October 1994, SDNHM 48966), Figure 5 . Expansion of the breeding range of the Mountain Chickadee in southern California, 1944 California, -2014 implies that this extension is of the coastal subspecies C. a. phillipsi, with smoke-brown rather than white breast and belly (Unitt and Rea 1997) . Grinnell and Miller (1944) described the range of this wren in California as extending south only to northwestern Monterey County along the Pacific coast and to central Tulare County in the Sierra Nevada. Currently, the Pacific Wren is resident along the entire coast of Monterey County (Roberson and Tenney 1993, eBird 
Pacific Wren Troglodytes pacificus
Golden-crowned Kinglet Regulus satrapa
South of the Tehachapi Mountains, the Golden-crowned Kinglet was known to Grinnell and Miller (1944) from only a few breeding-season records from Mount Pinos, the San Bernardino Mountains, and San Jacinto Mountains. In recent years it has been recorded much more widely in the San Bernardinos, but only rarely in the San Jacinto Mountains. Nevertheless, after the winter irruption of 1985, the species colonized the San Gabriel Mountains, where it was first recorded in summer in 1987 (AB 41:1488 (AB 41: , 1987 ) and confirmed nesting in 1997, with the population estimated as between 4 and 40 pairs (Allen et al. 2016) . It has since become widespread at least from Charlton Flat east to Blue Ridge Campground (eBird). The Golden-crowned Kinglet also colonized the Palomar and Cuyamaca mountains of San Diego County in 1986 (AB 40:1256 (AB 40: , 1986 and remained through at least 2000, but it has been absent since the fires of 2002 and 2003. A simultaneous colonization of Hot Springs Mountain had apparently failed by the time field work for the San Diego County bird atlas began in 1997 (Unitt 1984) .
Western Bluebird Sialia mexicana
From Los Angeles south, the Western Bluebird was absent or sporadic as a nesting species along the coast of southern California through almost the entire 20th century (e.g., Willett 1933, Garrett and Dunn 1981) . In the 1990s, an ambitious program of supplying nest boxes facilitated nesting on the coastal plain of Orange County (Gallagher 1997) , but the bluebird's use of urban habitats soon spread throughout coastal southern California. Allen et al. (2016) listed the Western Bluebird among the species whose breeding range in Los Angeles County expanded since completion of field work for that county's atlas in 1999. In the city of San Diego, regular nesting began in 1997 (Unitt 2004) , and within 10 years had become widespread. In the first decade of the 21st century the Western Bluebird colonized many parks and other sites such as Point Loma (beginning in 2007) where it was formerly absent (Figure 6 ). The downslope component of the expansion is exemplified around the San Jacinto Mountains, where in 1908 the bluebird occurred only at elevations above 1350 m but now breeds down to the base of the mountains at Banning, elevation 680 m (PU and LH pers. obs.), and summers in Palm Springs, elevation 130 m (PU and LH pers. obs., eBird).
Evermann (1886) wrote, "it is but rarely seen about our dwellings, but stays in more secluded retreats. Boxes which, raised on poles in the garden or about the barn, so readily tempt the eastern cousin, have no charms for our wild western bird. But time, the civilizer, will doubtless work a reform in this bird, and then … it will learn [to] build its nest in the hollow limb of the tree by the house, and in the box raised from the garden fence." Some 120 years later, Evermann's forecast was being fulfilled.
Townsend's Solitaire Myadestes townsendi
The earliest naturalists exploring southern California found Townsend's Solitaire south of the Kern River in summer only in the San Bernardino Mountains, at elevations between about 2000 and 3000 m (Grinnell 1908 (Garrett and Dunn 1981) , and Santa Rosa Mountain (Weathers 1983) . No. 3
These extensions represent small numbers only, at sites whose avifauna was previously poorly known, but as a whole they suggest the solitaire has spread. Three summer records from the mountains of San Diego County in the 1980s do not suggest the solitaire ever established itself there.
Hermit Thrush Catharus guttatus
A southward extension of the range of the Hermit Thrush has two components. Along the coast, the range of subspecies C. g. slevini expanded and then contracted. Grinnell and Miller (1944) reported it as breeding south only to Monterey County. More recently, it was recorded in the Irish Hills, San Luis Obispo County (one in 1998, AB 52:504, 1998), and from 1979 to 1998 at Refugio and San Marcos passes, Santa Ynez Mountains. The lack of subsequent records suggests the colonization ultimately failed, though at least five territorial birds were at San Marcos Pass in 1984 (Lehman 1994) . Similarly, the Hermit Thrush bred at least intermittently in upper Trabuco Canyon of the Santa Ana Mountains, Orange County, from 1941 to 1974 (Pequegnat 1951, Sexton and Hunt 1979) , but the small population had apparently died out by the 1990s (Hamilton and Willick 1996) .
At higher elevations (>1400 m) inland, subspecies C. g. sequoiensis was long known south of the Kern River only from Mount Pinos (Miller and Benson 1930 ) and the San Bernardino Mountains (Grinnell 1908 
American Robin Turdus migratorius
A century ago, breeding robins were confined in southern California to Mount Pinos, the San Gabriel Mountains, and San Bernardino Mountains (Willett 1912 , Grinnell 1915 . Following colonization of low elevations in the San Francisco Bay area and the Central Valley beginning in 1915 (Storer 1926) , nesting in urban areas at low elevations in southern California began about 1930 Campbell 1931, Willett 1933) and has spread over virtually the entire coastal slope (Figure 7) . The robin has colonized not only areas with irrigated lawns, but orchards and natural forest and mountain meadows south of the previous range, as in the San Jacinto Mountains (PU and LH pers. obs.) and in San Diego County (Unitt 2004) . The expansion thus has extended both southward and downslope. It has reached the Channel Islands, with the robin breeding occasionally on Santa Cruz Island and being suspected of doing so on Santa Catalina Island in 2013 (Collins and Jones 2015) .
American Pipit Anthus rubescens
In 1978, the pipit was discovered nesting around the summit of San Gorgonio Peak in the San Bernardino Mountains (AB 32:1209 (AB 32: , 1978 and has been recorded repeatedly there at least through 2011 (eBird). This represents an extension of about 280 km south-southeast from the southernmost sites reported by Miller and Green (1987) in the Sierra Nevada, where the species was found summering for the first time only in 1971. Because the recent colonization of the Sierra Nevada was from the east rather than the north, however, the colonization of San Gorgonio Peak may be categorized similarly.
Purple Finch Haemorhous purpureus
In the early 20th century, the breeding range of the Purple Finch did not approach the coast south of the Santa Ynez Mountains of Santa Barbara County (Willett 1933) . Farther east and south, it was confined to the zone of coniferous forest in the mountains, elevations >1200 m. In 1981, "a small number of Purple Finches, including adults feeding young, near Malibu, Los Angeles Co., appear [ed] to furnish the first evidence of nesting at sea level this far south" (AB 35:980, 1981) . By the late 1990s, the Purple Finch was widespread in the Santa Monica Mountains west of Topanga Canyon (Allen et al. 2016) . In Orange County, Gallagher (1997) Reports to eBird attest that the Purple Finch is now more widespread in the San Bernardino Mountains than found by Grinnell (1908) , who considered it "one of the rarer birds of the region," restricted to a narrow belt along the south slope between about 1300 and 2000 m elevation. In the San Jacinto and Santa Rosa mountains, it has also extended to lower elevations than recorded by Grinnell and Swarth (1913) . They recorded it only at elevations from about 1600 to 2500 m, whereas in resurveying the same area from 2008 to 2014, we found the Purple Finch resident at five additional sites where Grinnell and Swarth collected without encountering it, down to 1300 m elevation around Lake Hemet.
Orange-crowned Warbler Oreothlypis celata
In the first third of the 20th century, the Orange-crowned Warbler did not breed in the coastal lowlands south of Los Angeles except in the limited area along the coast near San Diego occupied by the subspecies O. c. sordida (Willett 1933) . South of the San Bernardino Mountains, Pequegnat (1951) considered the Orange-crowned Warbler only "an occasional summer visitant" in the Santa Ana Mountains. Its status in the San Jacinto Mountains in the early 20th century is unclear. In his field notes, C. H. Richardson mentioned seeing the species near today's Vista Grande Fire Station in June 1908, but the one he collected on 24 June was too mangled to be skinned, and Grinnell and Swarth (1913) wrote that none was seen from 3 May "until after the termination of the nesting season," about 20 July. Thus, if the Orange-crowned Warbler was breeding in the San Jacinto Mountains, it was rare. One fully fledged juvenile collected in the Cuyamaca Mountains on 6 June 1889 (SDNHM 1349) is the only evidence suggesting that O. c. lutescens may have bred in San Diego County in the late 1800s or (Willett 1933) .
The spread of breeding Orange-crowned Warblers over southern California is poorly documented. By the early 1980s, the species was widespread on the coastal slope of San Diego County, but Unitt (1984) wrote, "over most of the county, however, nesting Orange-crowned Warblers would have to be rated as rare." By the late 1980s, it was fairly widespread in Orange County, apparently as a result of the spread of both O. c. lutescens from the Santa Ana Mountains and sordida along the coast Willick 1996, Gallagher 1997) . By the beginning of the 20th century, it had become much more numerous in San Diego County than 20 years earlier (Unitt 2004 ; Figure  9 ). Observers for the San Diego County bird atlas reported 144 confirmations of Orange-crowned Warbler nesting from 1997 to 2001, widely spread over that county's coastal slope. Currently, the Orange-crowned Warbler is an uncommon breeding species on the west slopes of both the San Jacinto and Santa Rosa mountains (Weathers 1983, PU and LH pers. obs.) . Nesting as far south on the mainland of Baja California as the Río Santo Tomás in 1987 represents a further southward extension of the range (Unitt et al. 1995) . Grinnell and Miller (1944) knew of breeding of the Nashville Warbler south only to the Greenhorn Mountains in the Sierra Nevada of Kern County. Breeding in the San Bernardino Mountains was first reported on the basis of an adult female and two young with a singing male in Snow Creek Canyon in 1956. Summering in the San Bernardino Mountains and on Mount Pinos was apparently known previously (AFN 10:411, 1956 ). In the San Gabriel Mountains, the first summer record was in 1973 (AB 27:920, 1973) , the first confirmation of nesting in 1983 (AB 37:1028 (AB 37: , 1983 ). Small numbers have been reported from these three ranges ever since, at multiple sites in both the San Gabriel and San Bernardino mountains. Nesting was confirmed on Big Pine Mountain, Santa Barbara County, in 1982, and the species was seen uncommonly there at least through 2013 (Lentz 1993 , Lehman 2017 ). There are apparently no records of the Nashville Warbler summering in the San Figure 9 . Expansion of the breeding range of the Orange-crowned Warbler in southern California, 1933 Jacinto Mountains (Mill Creek is actually in the San Bernardino Mountains; AB 41:1488, 1987) . But single singing males were encountered at two localities on Palomar Mountain, San Diego County, in 1997 , 1998 (Unitt 2004 ).
Nashville Warbler Oreothlypis ruficapilla
MacGillivray's Warbler Geothlypis tolmiei
The first reports of apparently summering MacGillivray's Warblers south of the Sierra Nevada were from the San Bernardino Mountains in 1960 (AFN 14:478, 1960 ) and the San Gabriel Mountains in 1961 Mountains in (elevation 1960 AFN 15:493, 1963) . By 1971, the species was being "reported with increasing frequency" in both of these mountain ranges (AB 25:906, 1971 ). By 1978 it was annual in small numbers "in most areas of extensive willow thickets" (AB 30:1005 (AB 30: , 1976 32:1210 , 1978 . Summering County, in 1994 County, in , 2005 County, in , 2006 County, in , and 2007 to three singing but apparently unmated males in the last year (1450 m; AB 48:990, 1994; 59:656, 1995; 61:642, 2007; PU pers. obs.) .
The first published reports of nesting at low elevations (<800 m) south of Monterey County were from Cerro Alto, San Luis Obispo County, and Santa Paula, Ventura County, in 1982 (AB 36:1017 , 1982 . Through the 1980s, the MacGillivray's Warbler was reported from multiple additional localities in coastal San Luis Obispo County. At San Marcos Pass in the Santa Ynez Mountains of Santa Barbara County, fledglings were observed each year, 1992 -1996 AB 46:1180 AB 46: , 1992 49:983, 1995; Lehman 2017) .
In summary, MacGillivray's Warbler is now an uncommon regular summer resident in western San Luis Obispo County, the San Gabriel Mountains, and San Bernardino Mountains, and occasional in summer in the Santa Ynez Mountains, Big Pine Mountain, northern Ventura County, the San Jacinto Mountains, and Palomar Mountain.
Yellow-rumped Warbler Setophaga coronata
Long known to breed south to the Santa Rosa Mountains Swarth 1913, Weathers 1983) , the Yellow-rumped Warbler was first reported in the mountains of San Diego County on Palomar Mountain in 1949, and on Cuyamaca Peak in 1978 (Unitt 1984) . Until the mid-1980s, however, there were only five summer records for the county. Unitt (1981) (NAB 66:735, 2012; eBird) . Although this colonization of San Diego County represents a southward extension within California, it only fills a gap in the Yellow-rumped Warbler's entire range, as the species has been known since the late 1800s from the mountains of northern Baja Californiaalso a possible source of colonists.
Hermit Warbler Setophaga occidentalis
Until the 1950s, the only suggestion that the Hermit Warbler might breed south of the Sierra Nevada was two specimens collected in the San Bernardino Mountains on 13 June 1889, still possibly late spring migrants (Grinnell 1915) . From 1905 to 1907 , Grinnell (1908 
Green-tailed Towhee Pipilo chlorurus
The history of the Green-tailed Towhee parallels that of the Fox Sparrow, with which it shares its habitat of montane chaparral. Similarly, in 1908, Grinnell and Swarth (1913) found the towhee common in the San Jacinto Mountains but did not encounter it on Santa Rosa Mountain, where it had colonized by the late 1970s (Weathers 1983 ) and remains in small numbers (PU and LH pers. obs.). In San Diego County, the first summer record and confirmation of breeding was on Cuyamaca Peak in 1978 (AB 32:1210 (AB 32: , 1978 , and the species has since remained as an annual summer visitor to Cuyamaca and Middle peaks in the Cuyamaca Mountains, albeit in reduced numbers after the Cedar Fire of 2003. Elsewhere in San Diego County, a few summer records for Palomar, Hot Springs, and Laguna mountains apparently do not represent established populations. Again in parallel with the Fox Sparrow, the Green-tailed Towhee was first found summering in the Sierra San Pedro Mártir of northern Baja California in 1987 (Erickson and Wurster 1998) and has since been seen there repeatedly (eBird). Cardiff (1965) reported a southward extension of the breeding range of the Vesper Sparrow to Big Bear Lake and Holcomb Valley in the San Bernardino Mountains. Before the first detection here in 1958, the Vesper Sparrow was known to breed in California south only to Tulare and Inyo counties (Grinnell and Miller 1944) . The species continues to be seen in these areas of the San Bernardino Mountains, including Baldwin and Erwin lakes, in small numbers (eBird). Other summer records elsewhere in southern California (e.g., Lockwood Valley, Ventura County; AB 34: 931, 1980; Garner Valley, Riverside County, AB 41:1341 , 1988 ) apparently represent sporadic occurrences only. Grinnell and Miller (1944) described the breeding range of P. s. nevadensis as extending south only to the Owens Valley, Inyo County, and Kern River Valley, Kern County. The Savannah Sparrow was first reported during the summer in the San Bernardino Mountains east of Big Bear Lake in 1947 (AFN 1:190, 1947) . Within 30 years it had become common in the area of Big Bear and Baldwin lakes (AB 31:1192 (AB 31: , 1977 . Though H. S. Swarth observed probable Savannah Sparrows at Lake Hemet in the San Jacinto Mountains in August 1908 (within the species' season of fall migration), they had colonized the area by 1988, when nesting was confirmed in Garner Valley (AB 34:1341 (AB 34: , 1988 . The Savannah Sparrow continues , 1944 to breed at the upper end of Lake Hemet (2008 and 2011, PU and LH pers. obs.) . In the Mojave Desert, nesting has been confirmed at Harper Dry Lake (AB 42:1341 (AB 42: , 1988 , China Lake (AB 43:1369 , 1989 ), near Cantil (AB 47:1151 , and East Cronese Lake (ibid.), and the Savannah Sparrow continues to be reported during the breeding season at least at China Lake and Harper Dry Lake (eBird). The lower elevations of the western Mojave Desert were not thoroughly explored by early ornithologists, so these sites less clearly represent a range expansion than do the San Bernardino Mountains.
Vesper Sparrow Pooecetes gramineus
Savannah Sparrow Passerculus sandwichensis
Fox Sparrow Passerella iliaca
Until the 1970s, the breeding distribution of the Fox Sparrow extended south to the San Jacinto Mountains. In 1908, Grinnell and Swarth (1913) found the sparrow common there at elevations above 2300 m, in smaller numbers down to 1800 m, but not on Santa Rosa Mountain, attributing its absence there to the lack of chinquapin (Castanopsis sempervirens). But by the late 1970s the Fox Sparrow had colonized the Santa Rosa Mountains (Weathers 1983) , and it continues there as an uncommon summer resident, most numerous in thickets of Ribes cereum on the flanks of Toro Peak, elevation 2300-2500 m (10 on 28 June 2011, PU and LH pers. obs.). In 1978, the Fox Sparrow was found for the first time in the Cuyamaca Mountains (AB 32:1210 (AB 32: , 1978 , and for the next 25 years occurred annually in small numbers at elevations above 1700 m. After the Cedar fire of 2003, the species was only intermittent through 2009, but since 2012 it has apparently become regular again (eBird). Elsewhere in San Diego County there are a few records from Palomar Mountain (AB 33:898, 1979) , Volcan Mountain, the Laguna Mountains, and Hot Springs Mountain (Unitt 2004, eBird) , but the Fox Sparrow has not been consistent in those areas. The discovery of the Fox Sparrow breeding at 2200-2500 m elevation in the Sierra San Pedro Mártir in Baja California in 1992 and 1993 (Erickson and Wurster 1998) may represent a continuation of this expansion still farther south; the species was seen in late spring or summer in these mountains at least through 2010 (eBird).
White-crowned Sparrow Zonotrichia leucophrys
During the first half of the 20th century the subspecies Z. l. oriantha was known to breed south to southern Tulare County in the Sierra Nevada, but not in southern California. In 1956, it was discovered nesting at South Fork Meadow on the north flank of San Gorgonio Mountain in the San Bernardino Mountains and has since recurred consistently near the mountain's summit. Grinnell (1908) (AB 42:1341 (AB 42: , 1988 47:1151 eBird) . One instance of nesting at 1690 m on Palomar Mountain in 1983 after an unusually wet El Niño winter (AB 37:1028 (AB 37: , 1983 has not been repeated.
Dark-eyed Junco Junco hyemalis
The scale of the downslope spread of the breeding range of the junco in coastal southern California is second only to that of the American Robin. From the 1930s to the 1970s, the junco expanded from breeding only in the higher mountains of Santa Barbara County (~1000-2000 m) to that county's coast (Lehman 1994) . By 1977 it had reached the Santa Monica Mountains of southeastern Ventura and western Los Angeles counties (maximum elevation 948 m; AB 31:1192 , 1977 Garrett and Dunn 1981) , by 1980 the vicinity of Oxnard, Ventura County (elevation <25 m; AB 34:391, 1980) . The first known colonization along the coast south of Los Angeles, in 1986 on the campus of the University of California, San Diego, constituted a leap of some 175 km farther south (AB 40:1256 (AB 40: , 1986 ). But it was followed only six years later by the first nesting in coastal Orange County, in Huntington Beach (AB 46:1180 (AB 46: , 1992 . In the 21st century, the expansion began filling the intervening gaps, with the first breeding on the Palos Verdes peninsula, Los Angeles County, in 2006 (NAB 60:581, 2006 , and at multiple additional localities in Los Angeles, Orange, and San Diego counties (NAB 62:620, 2008; 63:638, 2009; 65:689, 2011; 66:735, 2012 ; Figure 11 ). The junco has colonized Santa Cruz Island and is known to have nested twice on Santa Catalina Island (Collins and Jones 2015) . The coastal nestings have been in urban landscaping or eucalyptus groves, but the expansion has also encompassed scattered sites of orchard and native woodland, not only in Santa Barbara County (Lehman 1994) but in the foothills of Orange and San Diego counties as well (Gallagher 1997 , Unitt 2004 . Nesting within 10 km of the Mexican border, in Hauser Canyon inland (Unitt 2004 ) and probably in the Tijuana River valley along the coast (NAB 64:649, 2010) , also represents a southward extension of the breeding range of J. h. thurberi, which is replaced in the mountains of northern Baja California by the well-differentiated subspecies pontilis and townsendi.
Western Tanager Piranga ludoviciana
Since 1986, the Western Tanager has become a summer resident at multiple localities in western San Luis Obispo County, apparently as a result of birds colonizing from Monterey County to the north. Nesting activity was first reported in 1992 (AB 40:1256 (AB 40: , 1986 46:1180 , 1992 . The species was not previously known to nest in the Santa Lucia Mountains south of Monterey County, though it does so irregularly in the Santa Ynez Mountains of Santa Barbara County (Lehman 1994) and in all the higher mountains south through San Diego County.
SuMMAry
For 44 of the 52 species listed above, we conclude that the evidence for actual range expansion offers a better explanation of apparent extension than does more thorough exploration (Table 1) . For 32 of these, we are certain of a real expansion, finding adequate documentation of colonization of areas previously unoccupied. Of the 44 species, 5 are represented in the area of expansion by only very small numbers, possibly only a few pairs at a few localized sites. Seven species, the Western Grebe, Gadwall, Allen's Hummingbird, Pacific-slope Flycatcher, American Crow, Western Bluebird, American Robin, and Orange-crowned Warbler, represent a spread on a scale so large that they have become common breeding birds over substantial areas where they were previously absent. The remaining species fall at points intermediate along this spectrum.
Of the 44 clearly expanding species, 13 are associated with water, 22 are species of montane or coniferous forest or its undergrowth, and 10 have adapted to urbanization to a substantial degree (Table 1) . Although five species represent shrub habitats of higher elevations, only one, Allen's Hummingbird, has low-elevation scrub or chaparral as its ancestral habitat, and its expansion has been almost entirely in urban areas rather than natural habitats. Riparian woodland is a primary habitat for three species, though for the Tree Swallow, so much of its nesting in southern California is in snags emerging from reservoirs that it may be categorized as an aquatic species as well. Three species represent open habitats, but they have little in common, the American Pipit nesting in alpine tundra, the Savannah Sparrow (subspecies nevadensis) nesting in grassland and meadows, and Say's Phoebe using desert habitat, grassland, and, increasingly, urban habitats through its adoption of buildings as nest sites. The Sierra Nevada is a likely source of montane birds colonizing the mountains of southern California (Kratter 1992) . Therefore, for the 19 species occurring in the Sierra Nevada and spreading in the mountains of southern California, regardless of habitat, we explored their trends in the Sierra Nevada according to the Breeding Bird Survey. We restricted the comparison to species whose data qualified for the highest level of credibility (Table 2 ; Sauer et al. 2017) . Eight had a significant negative trend, whereas the others had no significant trend, with one exception, the Western Bluebird, the only species of the 19 with a significant positive trend.
The distribution of expansions by species varies among five ecoregions in southern California: south coast (24), mountains (24), central coast (14), Mojave Desert (12), and Colorado (Sonoran) Desert (5) ( Table 3) .
diScuSSion
The expansions of these species constitute a diverse spectrum, from minor, uncertain, or ephemeral to massive. Three themes stand out within this variety, which is wide both taxonomically and with respect to life history.
WAterbirdS
Of the 44 species whose ranges have probably or certainly spread south or downslope, 30% are birds associated with water, including the Tree Swallow, which in southern California nests primarily or exclusively near water. Approximately 50 of southern California's species of breeding birds are associated with standing fresh or brackish water, so 13 of these spreading south represent 26% of the total. Many waterbirds of western North America are adapted to cycles of boom and bust (Shuford et al. 2016) , so ranges as well as numbers may be expected to vary with climate cycles. But the expansions we have outlined coincide with a lack of a long-term trend in California's rainfall over the ~120 years of human record-keeping (Seager et al. 2014 ) and have extended through many short-term cycles of wet and dry years. Southern California has lost much wetland to development. Loss of coastal wetlands has been estimated at 67% by Speth (1971) and 48% by Stein et al. (2014) . But accommodating a human population now exceeding 23 million has entailed the importation, storage, management, and disposal of vast quantities of water. As a result, water is now available in many places where it was not 200 years ago, and the building of dams and reservoirs has made water permanent in many places where it was previously only seasonal. The expansion of the Western and Clark's grebes is overwhelmingly in artificial reservoirs or managed wetlands, but most of these waterbirds have colonized both artificial and natural habitats, given the situation that nearly all water in southern California is managed to some degree. In the cases of some of the waterfowl and the California Gull, a population increase in northern California augmented the pool of potential colonists. In other cases, such as the Blue-winged Teal, the colonization was likely as much from the east as the north. The colonization of southern California by the Western Grebe paralleled a southward shift of the bulk of the population in winter, which in turn paralleled a resurgence along the California coast of one of the grebe's principal prey, the Pacific sardine (Sardinops sagax), as well as a decline in herring (Clupea pallasii) to the north (Wilson et al. 2013 ). In the case of some of the Anatidae, expansions may be due in part to a rebound from earlier decimation by overhunting. But in the cases we have outlined, the expansions have taken ranges beyond historic limits. Recognition of the role of human management of water in increasing southern California's avifauna is no news-it was well articulated by Grinnell (1922) . The deepening climate water deficit (Rapacciuolo et al. 2014 ) and the increasingly severe droughts southern California has suffered in the 21st century may halt or reverse some of these expansions.
MontAne ForeSt birdS
Half of the set of species, 22, are associated with montane or coniferous forest or its understory, at least at the southern end of their ranges. Approximately 50 species breeding in southern California have this as their primary habitat (this group excludes species that occur in montane or coniferous forest but are equally widespread in other habitats). Thus 44% of such species have expanded their ranges south or downslope. This set of species, most of which do not, in southern California, exploit habitat intensively managed for human benefit, is perhaps the most surprising in the context of climate warming. Many of these expansions were underway, however, by the 1970s or 1980s, when the climate change that has accelerated in the 21st century was only incipient. A major habitat change in California mountains, whose effect on birds has been little explored, is the increasing density of vegetation. In the Transverse and Peninsular ranges, the density of forests increased by 37% from the 1930s to the 2000s (McIntyre et al. 2015) . The change has resulted at least in large part from fire suppression in concert with increased mortality of large trees, due primarily to climatic water deficit, which enables the proliferation of younger, smaller trees that need less water. The widespread increase in the density of California forests is readily appreciated through comparison of photographs as well as quantitative analysis (Gruell 2001, Figure 12 ). Thus one might expect species of birds that prefer denser forests to spread.
Even though the density of forests in the Sierra Nevada has increased, the forest birds that have spread in southern California's mountains have in general not increased in the Sierra Nevada, according to the Breeding Bird Survey. The single exception, the Western Bluebird, is associated with open forest with ample bare ground. Therefore, the hypothesis that some range expansions of forest birds are being driven by the increasing density of forest leading to increased populations in the Sierra Nevada is not supported by the Breeding Bird Survey. Nevertheless, we believe it deserves further exploration. How bird population density varies with forest density in California is not well quantified. For some species, such as the Hermit Thrush, Red-breasted Nuthatch, Golden-crowned Kinglet, and Hermit Warbler, the aforementioned hypothesis seems plausible. Beedy and Pandolfino (2013) noted an increase and southward expansion of the range of the Golden-crowned Kinglet in the Sierra Nevada, attributing it to shade-tolerant firs (Abies spp.) filling the gaps in formerly open stands of pine (Pinus spp.) and incense cedar (Calocedrus decurrens). Increasing forest density may be contributing to the expansion of some forest birds south along the coast as well, in the cases of the Brown Creeper and Pacific Wren.
When, in 2003, the Cedar Fire burned the Cuyamaca Mountains, some expansions were stalled, terminated, or reversed. The recent colonizations of these mountains by the Red-breasted 
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Sapsucker, Hermit Thrush, Red-breasted Nuthatch, and Golden-crowned Kinglet were eliminated, at least for a time (Hargrove and Unitt 2018) . Some montane birds that have spread, such as the Dusky Flycatcher, American Robin, American Pipit, Fox Sparrow, White-crowned Sparrow, Green-tailed Towhee, and MacGillivray's Warbler, use open habitats, chaparral, or wet microhabitats, and should not be favored by increasing density of forest. However, not only the density of young trees, but also the density of shrubs may have increased, as a result of decreased livestock grazing (as in the San Jacinto and Santa Rosa mountains, PU and LH pers. obs.), or the increase in low winter temperatures relaxing constraint on plants' growth (Sanz-Elorza et al. 2003) . Such a change should favor the Dusky Flycatcher, Fox Sparrow, and Green-tailed Towhee, at least. Additional factors yet to be identified have doubtless contributed to the southward spread of many montane birds in southern California. In any case, the forces of climate warming and water stress (e.g., Breshears et al. 2009 ), which in combination with fire may decimate southern California's mountain forests, are ultimately opposed to these expansions, even though they continue.
urbAn AdAptAtion
The third theme is urban adaptation. With the coastal lowland and even extensive desert regions of southern California now largely urbanized, species that can exploit urban habitats may be expected to spread, whatever their source. Planting of shade trees in formerly treeless areas creates new habitat for arboreal birds. At least 10 of the species spreading southward or downslope nest in urban habitat: the Canada Goose, Allen's Hummingbird, Pacific-slope Flycatcher, Say's Phoebe, American Crow, Western Bluebird, American Robin, Mountain Chickadee, Darkeyed Junco, and Orange-crowned Warbler. In almost all of these cases, however, the spread is not within urban habitat alone. And it occurred in different species at different times, demonstrating that urban adaptation takes a path unique in each species. Individuals differ in traits such as behavioral plasticity and tolerance for disturbance that predispose them to urban adaptation (Lowry et al. 2013) , and these traits should spread with time of exposure to urbanization, just as Evermann (1886) predicted for the Western Bluebird. Bonier et al. (2007) found that a broader ecological niche was associated with a bird's becoming an urban adapter, but we suggest that the converse process is also happening. That is, certain species whose habitat use was narrow in the past have become more generalist, including both urban/ agricultural habitats and additional natural habitats in their expanded range. Such generalization could account for the spread of the Pacific-slope Flycatcher, robin, junco, and Orange-crowned Warbler in both urban and natural habitats.
In contrast to aquatic and forest birds, species of deserts, low-elevation chaparral and shrubland, and riparian woodland seem underrepresented among the species spreading south. The historic reduction of riparian woodland and decrease of many of its birds likely contribute to underrepresentation of that habitat. But any quantitative comparison should be on the basis of the number of species with range limits in the region being considered.
concluSion
Is the incidence of southward and downslope range extensions in southern California greater than elsewhere? Are there aspects of habitat change in which southern California is an outlier, contributing to an increased incidence? On the basis of the Breeding Bird Survey alone, among 56 species of landbirds in eastern and central North America, Hitch and Leberg (2007) listed 8 whose range shifted significantly southward from 1967-1971 to 1998-2002 . Their summary does not clearly distinguish species in which the shift was due to expansion of the southern margin of the range from those in which the shift was due to contraction of the northern margin of the range. But six of the eight were in their category of species of "northern distribution" in which the northern limit was not well sampled, so the shift was presumably due to a southward spread. Thus 6/56 or 11% of the species considered in that region appear to have shifted south over the interval tested. Peterson (2003) , also using the Breeding Bird Survey with a set of five species, reported one, the Scissor-tailed Flycatcher, as shifting south, as evaluated on the basis of abundance rather than occupied sites (i.e., range limits). A more thorough review is needed, but the value and practicality of any comparison is impaired by the wide geographical differences in each region.
By chance alone, one should expect a certain fraction of range extensions to be southward or downslope. Or, such extensions today could represent recovery of range lost in the past from overhunting, the initial shock of habitat change, disease, pesticides, or other factors. In considering possible mechanisms related to climate change for such counterintuitive range shifts, Lenoir et al. (2010) proposed that the species shifting downslope are ones that had been limited by competition with other species at the downslope edge of their ranges, and that some characteristics of the downslope shifters may give them a competitive advantage as their competitors change with a warming climate. Rapacciuolo et al. (2014) emphasized local heterogeneity in the balance between temperature and water availability as a factor promoting a diversity in responses to climate change. In the Sierra Nevada, Tingley et al. (2012) proposed an increase in precipitation as a cause of downslope shifts, under the hypothesis that the downslope-shifting species were limited by precipitation, not temperature. In southern California, trends in precipitation are inconsistent from place to place and generally negative (Rapacciuolo et al. 2014 ), so they seem unlikely contributors to the range shifts we have described. Rather, we suspect habitat changes more directly related to human manipulation of the environment have played the largest role. Importation of water, increasing density of forest, and urban adaptation are probably important, in some cases acting synergistically, but other factors, yet unidentified, are also at work.
